Single-crystal X-ray study T = 150 K Mean (C-C) = 0.004 Å R factor = 0.062 wR factor = 0.154 Data-to-parameter ratio = 12.1
A second monoclinic polymorph of the title compound, neocuproine dihydrate, C 14 H 12 N 2 Á2H 2 O, is reported. Unlike the first polymorph [Baggio, Baggio & Mombrú (1998) . Acta Cryst. C54, 1900-1902] , in which the phenanthroline ring system was constrained to lie in a crystallographic mirror plane, here there is no such imposed symmetry. Consequently, the molecule shows small deviations from planarity, the outer rings being twisted slightly in opposite directions from the plane of the central ring. The hydrogen-bonding motifs remain essentially the same as in the first polymorph, involving small rings of four water molecules and large rings containing four water molecules and two neocuproine molecules, but with no H-atom disorder for the water molecules in this case. There are also aromatic -stacking interactions.
Comment
In our ongoing research on squaric acid, we have synthesized some mixed-ligand metal complexes of squaric acid and their structures have been reported (Uçar et al., , 2005 . We have used such co-ligands as isonicotinamide and 2,9-dimethyl-1,10-phenanthrolione (neocuproine) in our research and, while synthesizing an iron complex of squaric acid and neocuproine, we obtained crystals of neocuproine dihydrate, (I), as a side product. A unit cell search of the Cambridge Structural Database (CSD, Version 5.26 plus three updates; Allen, 2002) did not find a match, and it was only by carrying out a structure-based search that we found that a structure of the same compound, also as a dihydrate, had previously been reported (Baggio et al., 1998) . The crystal structure of a hemihydrate has also been determined (Britton et al., 1991) . A unit-cell determination with our sample at 298 K gave essentially the same parameters as were determined at 150 K, with the expected slight expansion, and so we are confident that we are reporting the crystal structure of a second monoclinic polymorph of (I), and not the result of a phase transition at low temperature.
This second monoclinic polymorph of (I), shown in Fig. 1 , crystallizes in space group C2/c with all atoms lying in general positions. Britton et al. (1991) reported some slight tilting of the individual six-membered rings with respect to one another within the phenanthroline system in the hemihydrate. Baggio et al. (1998) reported that the molecule was exactly planar in the first polymorph of the dihydrate, as a consequence of crystallographic mirror symmetry. A least-squares plane fitted through all non-H atoms of the phenathroline skeleton of (I) has an r.m.s. deviation of 0.024 Å , and the dihedral angle between two mean planes fitted through the outermost rings is 2.37 (2) , indicating a small deviation of the molecule from planarity. This distortion consists mainly of a twist of the outer rings in opposite directions out of the plane of the central ring, as indicated by the N1-C12-C11-N2 torsion angle of À2. 8 (3) , almost the same as the above dihedral angle. The overall crystal packing of (I) is similar to that in the first monoclinic polymorph, albeit without the perfectly planar sheets achieved by imposed mirror symmetry. In the first polymorph, H-atom disorder in the water molecules means there is more than one possible orientation of each water molecule and hence some uncertainty about the hydrogenbonding arrangement. In (I), all H atoms were easily and convincingly located in a difference map and water H atoms were freely refined. The hydrogen-bonding arrangement is shown in Fig. 2 . The water molecules form hydrogen bonds around an inversion centre to generate a square R 4 4 (8) motif (Bernstein et al., 1995) . A second large R 6 6 (18) motif links two neocuproine molecules together via the water molecules.
Unlike the first polymorph, we find no evidence of weak C-HÁ Á ÁO hydrogen bonding here. However, the separations between parallel neocuproine molecules stacked along the b axis are alternately 3.32 and 3.39 Å , and each molecule has approximately a half-ring overlap with the next molecule in the stack, characteristic of aromatic -interactions.
Experimental
Squaric acid, H 2 Sq (0.57 g, 5 mmol) dissolved in water (25 ml) was neutralized with NaOH (0.40 g, 10 mmol) and the mixture was added to a hot solution of FeCl 2 Á6H 2 O (1.17 g, 5 mmol) dissolved in water (50 ml). The mixture was stirred at 333 K for 12 h and then cooled to room temperature. The brown crystals that formed were filtered off, washed with water and ethanol, and dried in vacuo. A solution of 2,9-dimethyl-1,10-phenanthroline (0.435 g, 2 mmol) in methanol (50 ml) was added dropwise with stirring to a suspension of FeSqÁ2H 2 O (0.21 g, 1 mmol) in water (50 ml). The brown solution was refluxed for about 2 h and then cooled to room temperature. A few days later, brown crystals of the desired Fe complex had formed, along with some well formed colourless crystals of (I) as a side-product. The asymmetric unit of compound (I), with displacement ellipsoids drawn at the 50% probability level.
Crystal data
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Figure 2
The hydrogen-bonding motifs in (I). Dashed lines indicate the hydrogen bonds. Table 1 Hydrogen-bond geometry (Å , ). All H atoms were located in a difference Fourier map. Water H atoms were freely refined, giving O-H distances shown in Table 1 . Other H atoms were treated as riding, with U iso (H) = 1.2U eq (C) and C-H = 0.95 Å for aromatic, and U iso (H) = 1.5U eq (C) and C-H = 0.98 Å for methyl groups.
Data collection: SMART (Bruker, 2001 ); cell refinement: SAINT ( Symmetry codes: (i) x, y−1, z; (ii) −x+1/2, −y+1/2, −z.
